
   

En
ha

nc
ed

 A
G

S

Ph
as

e 
   

Po
w

er

1
0.

47
 M

w

2
1.

0 
M

w

 Ne
ut

rin
o 

Be
am

 fr
om

 B
ro

ok
ha

ve
n 

Na
tio

na
l L

ab
or

ato
ry

 to
 

th
e N

ati
on

al 
Un

de
rg

ro
un

d 
Sc

ien
ce

 L
ab

or
ato

ry

D
et

ec
to

r
Ph

as
e 

   
M

as
s

1 
   

 0
.5

M
to

ns

2 
   

 1
.0

M
to

ns

N
eu

tr
in

o
fli

gh
t p

at
h

–
25

40
 k

m



CO
N
ST

RU
CT

IO
N
 O

F 
A

M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

 D
ET

EC
TO

R 

IN
 T

H
E 
H

O
M

ES
TA

KE
 U

N
D
ER

GR
O
U
N
D
 L

A
BO

RA
TO

RY

Ex
ca

va
ti
on

 S
ta

bi
lit

y

Co
ns

tr
uc

ti
on

 M
et

ho
do

lo
gy

W
at

er
 T

ig
ht

 L
in
er

Ti
m
el
in
e 

an
d 

Es
ti
m
at

ed
 C

os
ts

U
C

LA
 5

 D
ec

  2
00

3



G
oa

l: 
 

C
on

st
ru

ct
 a

 ½
 m

eg
at

on
 d

et
ec

to
r 

in
 ~

 5
 y

ea
rs

.

R
eq

ui
re

m
en

ts
:

1)
 A

cc
es

s t
o 

gr
ea

t d
ep

th
s

2)
 K

no
w

n 
ro

ck
 st

re
ng

th
 p

ar
am

et
er

s
3)

 R
oc

k 
di

sp
os

al
 p

la
n

4)
 N

o 
en

vi
ro

nm
en

ta
l o

r 
co

m
m

un
ity

 is
su

es
5)

 S
af

et
y 

–
co

ns
tr

uc
tio

n 
an

d 
ut

ili
za

tio
n







R
ef

er
en

ce
s:

1)
 R

oc
k 

St
ab

ili
ty

 E
va

lu
at

io
n 

–
“I

ni
tia

l S
ta

bi
lit

y 
St

ud
y 

of
 L

ar
ge

 O
pe

ni
ng

s f
or

 th
e 

N
at

io
na

l U
nd

er
gr

ou
nd

 
La

bo
ra

to
ry

 a
t t

he
 H

om
es

ta
ke

 M
in

e 
–

D
. T

es
ar

ik
, J

. 
Jo

hn
so

n,
 K

. Z
ip

f a
nd

 K
. L

an
de

 –
Pr

oc
ee

di
ng

s o
f t

he
 

20
02

 N
or

th
 A

m
er

ic
an

 R
oc

k 
M

ec
ha

ni
cs

 S
ym

po
si

um

2)
 Q

 V
al

ue
 S

ys
te

m
 –

20
 Y

ea
rs

 A
pp

lic
at

io
n 

in
 N

M
T 

Su
pp

or
t S

el
ec

tio
n 

–
N

. B
ar

to
n 

an
d 

E.
 G

rim
st

ad
 –

Fe
lsb

au
12

, 4
28

 (1
99

4)

3)
 C

ha
m

be
r D

es
ig

n 
an

d 
C

on
st

ru
ct

io
n 

–
M

ar
k 

La
ur

en
ti 

(C
hi

ef
 M

in
e 

En
gi

ne
er

 a
nd

 U
nd

er
gr

ou
nd

 
Su

pe
rin

te
nd

en
t –

H
om

es
ta

ke
 M

in
e)



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

N
EU

TR
IN

O
D

ET
EC

TO
R

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2

M
od

ul
ar

 C
on

fi
gu

ra
ti
on

71
00

 L
ev

el











M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

M
od

ul
ar

 C
on

fi
gu

ra
ti
on

M
ar

ch
 2

00
2

M
ar

k 
A

. L
au

re
nt

i



Fe
at

ur
es

 o
f t

he
 D

es
ig

n:

1)
 M

od
ul

e 
di

m
en

si
on

s 5
0 

m
 d

ia
m

et
er

 x
 5

0 
m

 h
ig

h
-1

00
 k

ilo
to

ns
 w

at
er

2)
 P

ar
al

le
l c

on
st

ru
ct

io
n 

of
 m

od
ul

es
 –

on
e 

“c
re

w
” 

ca
n 

 b
ui

ld
 

3 
m

od
ul

es
 in

 p
ar

al
le

l-
co

m
pl

et
io

n 
in

 4
-5

 y
ea

rs

3)
 M

ul
tip

le
 c

re
w

s c
an

 w
or

k 
at

 sa
m

e 
tim

e 
–

, 2
 c

re
w

s c
an

 
bu

ild
 6

00
 k

ilo
to

ns
 o

f d
et

ec
to

r i
n 

4-
5 

ye
ar

s.

4)
 C

on
cr

et
e 

lin
er

 in
 e

ac
h 

m
od

ul
e 

pr
ov

id
es

 st
re

ng
th

 a
nd

 
st

ab
ili

ty
, s

m
oo

th
 su

rf
ac

e 
fo

r w
at

er
 ti

gh
t p

la
st

ic
 in

ne
r l

in
er

, 
su

rf
ac

e 
fo

r p
ho

to
m

ul
tip

lie
r i

ns
ta

lla
tio

n 
gu

id
es

.

5)
 L

ow
 c

on
st

ru
ct

io
n 

co
st



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Es
ti
m
at

ed
 T

im
el
in
e

Ye
ar

 O
ne

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2

69
50

71
00

D
ia
m
on

d 
D
ri
ll

D
ev

el
op

m
en

t

Si
ll 

Cu
t

Sh
ri
nk

 C
ut

80
 f

t 
Ca

bl
e 

Bo
lt
s

Sh
ot

cr
et

e 
1f

t

Bo
re

ho
le



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Ye
ar

 T
wo

Es
ti
m
at

ed
 T

im
el
in
e

M
ar

k 
A

. L
au

re
nt

i

69
50

71
00

M
ar

ch
 2

00
2

D
ev

el
op

m
en

t

60
 f

t 
Ca

bl
e 

Bo
lt
s

Bo
re

ho
le

4 
Bo

tt
om

 C
ut

s

D
ec

ki
ng

Pr
ec

as
t 

Li
ne

rs



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Co
ns

tr
uc

ti
on

 M
et

ho
do

lo
gy

Pr
ec

as
t 

Co
nc

re
te

 
Li
ne

r

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

M
od

ul
ar

 C
on

fi
gu

ra
ti
on

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2

69
50

 L
ev

el



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Ye
ar

 T
hr

ee
Es

ti
m
at

ed
 T

im
el
in
e

69
50

71
00

D
ev

el
op

m
en

t

60
 f

t 
Ca

bl
e 

Bo
lt
s

6 
Bo

tt
om

 C
ut

s

Pr
ec

as
t 

Li
ne

rs

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Ye
ar

 F
ou

r
Es

ti
m
at

ed
 T

im
el
in
e

69
50

71
00

60
 f

t 
Ca

bl
e 

Bo
lt
s

4 
Bo

tt
om

 C
ut

s

Pr
ec

as
t 

Li
ne

rs

Sh
ot

cr
et

e 
1f

tW
at

er
pr

oo
f 

Li
ne

r

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2



W
at

er
 C

on
ta

in
m

en
t:

do
ub

le
 p

la
st

ic
 li

ne
r –

a 
ge

ot
ex

til
e 

la
ye

r a
ga

in
st

 th
e 

co
nc

re
te

 
lin

er
 fo

llo
w

ed
 b

y 
a 

fu
se

d 
po

ly
et

hy
le

ne
 li

ne
r (

st
an

da
rd

 
te

ch
no

lo
gy

)

Ph
ot

om
ul

tip
lie

r 
In

st
al

la
tio

n:

Si
de

 p
m

s s
lid

e 
do

w
n 

al
on

g 
ve

rti
ca

l g
ui

de
s-

ca
n 

be
 in

st
al

le
d 

or
 

re
m

ov
ed

 w
ith

ou
t d

ra
in

in
g 

w
at

er
, e

as
y 

to
 v

ar
y 

pm
 d

en
si

ty
, 

gu
id

es
 p

ro
vi

de
 “

cu
sh

io
ne

d”
 m

ou
nt

 in
 c

as
e 

of
 in

te
ns

e 
sh

oc
k 

w
av

es
 in

 w
at

er
.

To
p 

pm
s m

ou
nt

ed
 u

nd
er

 to
p 

pl
at

fo
rm

–
di

re
ct

 a
cc

es
s

B
ot

to
m

 p
m

s m
ou

nt
ed

 o
n 

ne
ut

ra
l b

uo
ya

nc
y 

fr
am

e 
th

at
 c

an
 b

e 
ra

is
ed

 to
 th

e 
to

p 
pl

at
fo

rm
 fo

r a
cc

es
s.



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Es
ti
m
at

ed
 T

im
el
in
e

To
ta

l 
ti
m
e 

fo
r 

ex
ca

va
ti
on

 a
nd

 c
on

st
ru

ct
io
n

20
8 

W
ee

ks

or

4 
Ye

ar
s

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Es
ti
m
at

ed
 E

xc
av

at
io
n 

Co
st

s 
($

M
M

)

#
 O

f 
Ch

am
be

rs
1

3

La
bo

r 
& 

Be
ne

fi
ts

$ 
5.

51
$ 

 1
0.

94

M
in
in
g 

& 
Co

ns
tr

uc
ti
on

Eq
ui
pm

en
t 

O
pe

ra
ti
on

$ 
1.

30
$ 

  
3.

89
Su

pp
lie

s
$ 

4.
51

$ 
 1

3.
35

Pr
ec

as
t 

Co
nc

re
te

 L
in
er

$ 
3.

25
$ 

  
9.

75

O
th

er
 (
O
ut

si
de

 C
on

tr
ac

to
r)

$ 
0.

12
$ 

  
0.

37

15
%
 C

on
ti
ng

en
cy

$ 
2.

20
$ 

  
5.

74

TO
TA

L
$ 

16
.8

9
$ 

44
.0

4
M

ar
k 

A
. L

au
re

nt
i

M
ar

ch
 2

00
2



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Ge
ne

ra
l 
 P

ar
am

et
er

s 
U
se

d 
fo

r 
Sc

he
du

le
 &

 C
os

t

3 
Sh

if
ts

 /
 D

ay
 x

 5
 D

ay
 /

 W
ee

k
W

or
k 

Sc
he

du
le

24
 H

ou
rl
y 

Em
pl
oy

ee
s 

Fo
r 

O
ne

 C
ha

m
be

r
M

an
po

we
r 

-3
 S

up
er

vi
so

rs

41
 H

ou
rl
y 

Em
pl
oy

ee
s 

Fo
r 

Th
re

e 
Si

m
ul
ta

ne
ou

s 
Ch

am
be

rs

H
oi
st

in
g 

Ca
pa

ci
ty

 F
or

 M
in
ed

 M
at

er
ia
l 
Is

 7
50

,0
00

 T
on

s 
/ 

Ye
ar

 T
o 

Th
e 

Su
rf

ac
e 

Fr
om

 T
he

 8
00

0 
Le

ve
l 
 

A
 S

ys
te

m
 I

s 
In

 P
la
ce

 O
n 

Th
e 

Su
rf

ac
e 

Fo
r 

H
an

dl
in
g 

Th
e 

M
in
ed

 M
at

er
ia
l 
H
oi
st

ed
 T

o 
Th

e 
Su

rf
ac

e

Eq
ui
pm

en
t 

Fo
r 

Co
ns

tr
uc

ti
on

 O
f 

1 
or

 3
 S

im
ul
ta

ne
ou

s 
Ch

am
be

rs
4 

LH
D
’s

1 
Lo

ng
 H

ol
e 

D
ri
lls

2 
Su

pp
or

t 
Ve

hi
cl
es

2 
Bo

lt
er

s
2 

Be
nc

h 
D
ri
lls

2 
Fa

ce
 J

um
bo

s 
2 

Li
ft

 T
ru

ck
s

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Es
ti
m
at

ed
 C

os
ts

O
pe

ra
ti
ng

 C
os

ts
 N

ot
 I

nc
lu
de

d 
In

 E
st

im
at

e
Eq

ui
pm

en
t 

Pu
rc

ha
se

 o
r 

Le
as

e
Co

st
 ~

 $
5.

00
M

M

5 
Ye

ar
 L

if
e

Co
st

 o
f 

W
as

te
 H

an
dl
in
g

Ge
ne

ra
l 
O
pe

ra
ti
on

 o
f 

th
e 

M
in
e

En
gi
ne

er
in
g,

 G
eo

lo
gy

Po
we

r 
an

d 
wa

te
r 

Co
ns

um
pt

io
n

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2



C
os

m
ic

 ra
y 

flu
x 

at
 d

ep
th

 o
f 3

M
D

et
ec

to
r =

 0
.2

 m
uo

ns
/m

2 , 
da

y

Ea
ch

 1
00

 k
T 

m
od

ul
e 

ha
s a

n 
ar

ea
of

 2
00

0 
m

2
an

d 
th

us
 8

00
 m

uo
ns

/d
ay

A
ss

um
in

g 
a 

ne
ut

rin
o 

pu
ls

e 
w

id
th

 o
f

on
e 

m
ic

ro
se

co
nd

/s
ec

 g
iv

es
≈

1 
co

sm
ic

 
ra

y 
ev

en
ts

 p
er

 y
ea

r
in

 th
e 

10
 m

od
ul

e 
M

eg
at

on
 d

et
ec

to
r d

ur
in

g 
th

e 
A

G
S 

ne
ut

rin
o 

pu
ls

es



D
et

ec
to

r 
D

ep
th

:

G
re

at
er

 d
ep

th
 g

iv
es

 lo
w

er
 b

ac
kg

ro
un

d 
-

w
e 

se
t a

 g
oa

l o
f  

le
ss

 
th

an
 o

ne
 c

os
m

ic
 r

ay
 b

ac
kg

ro
un

d 
ev

en
t p

er
 y

ea
r

du
rin

g 
th

e 
tim

e 
w

in
do

w
, ~

1µ
se

c/
se

c,
 w

he
n 

th
e 

ne
ut

rin
o 

be
am

 fr
om

 th
e 

A
G

S 
is

 o
n 

ta
rg

et
.

Th
e 

re
su

lta
nt

 d
ep

th
, 6

95
0 

ft ,
 is

 th
e 

sa
m

e 
as

 th
at

 o
f t

he
 S

N
O

 
de

te
ct

or
.

R
oc

k 
st

ab
ili

ty
 e

va
lu

at
io

ns
 b

as
ed

 o
n 

ac
tu

al
 ro

ck
 sa

m
pl

es
 fr

om
th

e 
pr

op
os

ed
 d

et
ec

to
r l

oc
at

io
n 

in
di

ca
te

 la
rg

e 
sa

fe
ty

 fa
ct

or
 fo

r
10

0 
ki

lo
to

n 
m

od
ul

es
.  

C
on

st
ru

ct
io

n 
co

st
 d

iff
er

en
tia

l b
et

w
ee

n 
48

50
 ft

 a
nd

 6
95

0 
ft 

is
 

le
ss

 th
an

 3
%

.



M
EG

A
T
O
N

M
O
D
U
LA

R
M

U
LT

I-
PU

RP
O
SE

D
ET

EC
TO

R

Su
m
m
ar

y
Es

ti
m
at

ed
 c

on
st

ru
ct

io
n 

ti
m
e 

fo
r 

on
e 

ch
am

be
r 

is
 f

ou
r 

ye
ar

s

Es
ti
m
at

ed
 c

on
st

ru
ct

io
n 

ti
m
e 

fo
r 

th
re

e 
ch

am
be

rs
 i
s 

fi
ve

 y
ea

rs

Es
ti
m
at

ed
 c

os
t 

fo
r 

on
e 

ch
am

be
r 

is
 $

17
.0

M
M

Es
ti
m
at

ed
 c

os
t 

fo
r 

th
re

e 
ch

am
be

rs
 i
s 

$4
4.

0M
M

M
ar

k 
A

. L
au

re
nt

i
M

ar
ch

 2
00

2


	Goal:  Construct a ½ megaton detector in ~ 5 years.Requirements:1) Access to great depths2) Known rock strength param
	References:1) Rock Stability Evaluation – “Initial Stability Study of Large Openings for the National Underground
	Features of the Design:1) Module dimensions 50 m diameter x 50 m high- 100 kilotons water2) Parallel construction of modu
	Water Containment:double plastic liner – a geotextile layer against the concrete liner followed by a fused polyethylene liner
	Detector Depth:Greater depth gives lower background -  we set a goal of  less than one cos

